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ABSTRACT

A hohlraum is a cylindrical structure that holds a laser fusion target at the National Ignition Facility. It must be aligned
properly for all the 192 laser beams to hit the target and cause a fusion reaction. Video images of the hohlraum are used
to align the hohlraum to the required position. A matched filtering based approach is used to locate the circular
alignment fiducial of the hohlraum. One of the challenges of the automatic alignment algorithm is the presence of a
number of nearly concentric features from which only one will provide the valid position information. The problem is
compounded by blurring of relevant features by defocus or insufficient illumination and amplification of non-relevant
features. It is shown that to identify the appropriate fiducial; the shape (or size) in addition to amplitude of correlation
peak must be considered.
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1. INTRODUCTION

The National Ignition Facility (NIF), developed at the Lawrence Livermore National Laboratory, is a stadium-sized
facility that contains a 192-beam, 1.8-megajoule, 500-terawatt, ultraviolet laser system dedicated to the study of inertial
confinement fusion and the physics of matter at extreme energy densities and pressures [1]. Careful alignment of this
high energy pulsed laser to the hohlraum target is crucial [2,3] for producing high-energy density and pressure
conditions leading to a controlled fusion reaction. An automatic alignment (AA) system was designed and implemented
to ensure successful delivery of high energy pulse in each of the 192 laser beams [4].

The integrated automated control system performs the alignment of the laser beams by measuring the current position of
the beam, and controlling mirrors and other devices, and adjusting the beam to a desired reference location. The position
of the beam is determined by algorithms processing beam images with or without spatial fiducials. Numerous types of
images are being processed throughout the beam path of each laser beam as shown in Fig. 1. In the current work,
instead of aligning a bright laser beam, an object is being aligned, which may lack proper illumination and imaging
condition, affecting the quality of the image.

Matched filtering has been successfully utilized to determine the location of beam fiducials with distinct shapes [5-8].
The matched filtering allows one to find beam position without noise filtering, and is tolerant to local intensity
variation. When features are matched, higher spatio-temporal stability of beam position is achieved. Additionally the
algorithm can accommodate various types and sizes of the fiducials.

Matched filtering techniques rely on the fact that the position of the highest correlation peak is an indicator of the
position of the fiducial. However, when the feature strength is weak compared to other features, considered noise, this
assumption of maximum correlation peak appearing at the fiducial position becomes problematic. The highest peaks
tend to favor detection of false objects with better signal level. The hohlraum image is an example of such a challenging
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situation. In these images, the fiducials of interest are sometimes very well defined and sometimes out of focus by
design, resulting in low contrast of the image feature. In this work, we demonstrate how intelligent processing of the
correlation plane enables one to identify the object of interest in the presence of competing bright objects of non-
interest.
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Fig. 1: Varieties of image processed by automatic alignment algorithms. The names refer to different positions
or optics in the NIF beam lines.

2. BASICS OF MATCHED FILTERING

The algorithm utilized here to detect the object of interest is based on classical matched filter (CMF). The computational
advantage of fast Fourier transform motivates us to opt for the Fourier domain description of the CMF. Assuming that
the Fourier transform of the object function f{x,y) be denoted by

F(U,.U,)=|FU,.U,)|exp(jOU,.U,)) (1)

the CMF [9,10] corresponding to this function f{x,y), is given by the complex conjugate of the input Fourier spectrum
denoted by Eq. 2,

Hew (U, U, = F*U,.U,) =|F(U,.U,)|exp(-j®U,.U,)) )



The product of Egs. (1) and (2) produces the correlation in the Fourier domain, then the inverse Fourier transform
produces the autocorrelation. The performance of the matched filter can be further enhanced by extracting the edge of
the image and using the edge of the to-be-detected features as the filter. This has an equivalent effect of high pass
filtering the correlation output, thus increasing the sharpness of the peaks [11,12].

The position of the object can be found from the position of the cross correlation peak, autocorrelation peak, and the
position of the template using the Egs. 3-4

+x Q)

pos Cross auto c

yPos = ycross _yauto +YC (4)

where (XposYpos) 1S the to-be-determined position of the pattern in the image plane, (Xauto,Yauto) 1S the position of the
template autocorrelation peak and (Xcross,Veross) 1S the position of the cross correlation peak. The position of the cross-
correlation peak is estimated using a polynomial fit of second order to the correlation peak. The center of the template,
(XeYe)> and (Xauto Yauto) 15 calculated off-line. By centering the template to the center of the image, (X, Y.) and (Xauto Yauto)
cancel each other.

3. ALGORITHM FOR DETECTING FAINT BEAM FIDUCIALS

The hohlraum target image depicted in Fig. 2 consists of a set of concentric circular features. The designated alignment
feature of this object is the circular metallic ring, which contains two notches, as shown clearly in right image of Fig. 2.
It is interesting to note that the same feature is faint and fuzzy and barely visible in the left image of Fig. 2, whereas
other features are more prominent. Since the right image is well focused, the image feature, i.e., the metallic ring, can be
clearly discerned.

Featurewith low contrast Feature with good contrast Notch

Fig. 2: A view of the hohlraum with showing the fiducial to-be-detected, which is circular edge of hohlraum

The various steps of the detection algorithm are depicted in the block diagram of Fig. 3. In order to detect the metallic
ring, a feature extraction (namely edge detection) is performed as a first step. Ideally, we want to detect the ring
resulting from this edge detection. Therefore, we choose a template which is a circular ring with a certain thickness and



radius equal to the nominal radius of the target feature. Since certain amount of variability exists, we vary the radius of
the ring and after matched filtering look for the maxima from all the correlation peak values.
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Fig. 3: Block diagram of hohlraum position detection algorithm.
When correlated with the image in Fig. 2, the resulting correlation output is shown in Fig. 4. The output shows a large

number of bright peaks corresponding to many false matches. Note also that the correlation between circles of different
radii results in a circle, which shows up in correlation output. When there is a match between the input radius and the

Fig. 4: Correlation plane output displaying a large number of spurious peaks of which only one is valid.



radius of the alignment feature, the peak appears as a bright spot with a very small footprint or pedestal [13]. The
correlation of mismatched circles may overlap with each other and create hotspots in the correlation plane.

(a) (b)

Fig. 5 (a) Segmented correlation plane. (b) Segmented correlation after passing through the peak filter.

To reduce the search area, it is noted that the hohlraum can occupy only certain location within the image, as such, the
position of the peak must be bounded by certain region inside the image. Therefore, we segment this region from the
correlation output for further processing as shown in Fig. 5(a). First, the segmented correlation output is passed through
a peak filter. Its purpose is to identify regions in the correlation plane that most likely could contain spurious noise
peaks. After thresholding at a 70% of the peak intensity, we calculate the spread of each candidate region. If the region
spread is greater than a certain threshold, the pixels are set to zero as shown in Fig. 5(b). This step eliminates competing
peaks appearing in those locations in the final location selection. After this step we perform a double peak detection and
filter those out [13].

(a) (b)

Fig. 6: Final position output of the hohlraum target with fiducial markers (a) with and (b) without peak filter



This step ensures a reliable detection of the circular fiducial is found as shown in Fig. 6. One may be curious to know
what happens when this step is eliminated. If we abandon the peak filter step as performed in Fig. 5(b), the maximum
correlation peak chosen corresponds to partial match with the ring. As a result, although the two end points seem to be
correctly placed as shown in Fig. 6(b), the center shows a clear bias downwards. In order to understand the spurious
peak selection process, we examine the peak filter stage in more details.

After the peak filter, as shown in Fig. 7, a large region of spurious peaks is eliminated. The threshold is gradually raised
until a single region is left. Keeping the peak on the left of Fig 7, the result of Fig. 6(a) is obtained.

(a) (b)

Fig. 7: Peak filtered correlation plane (a) showing dark region, only two competing peaks (b). These two regions
are amplified 20 times to highlight their positions in correlation plane.

When peak filtering is not performed, the double peak detector finds two competing regions as shown in the left inset of
Fig. 8. As the threshold is raised, the true peak which appears at the center of the segmented correlation plane starts to
disappear. By the third iteration as depicted in the third inset of Fig. 8, the center has disappeared and two competing
peaks are found, from which only one is chosen, which clearly results in a biased result as shown earlier in Fig. 6 (b).

Fig. 8: Without the peak filter, the peak detector detects a peak on the periphery, unless these outside regions are
removed. The real correlation peak is weaker and eliminated as shown on the third inset



4. CONCLUSIONS

In this paper, an algorithm for detecting extremely faint fiducials in hohlraum images is described. It is demonstrated
that matched filtering with additional spatial filtering of spurious peaks based on the broadness of correlation peak in
the correlation domain leads to successful detection of extremely faint objects. Real-time operation is facilitated by
executing these algorithms using externally supplied nominal radius and range as database parameters. This database-
driven real-time system, allows various sizes of hohlraum fiducials to be detected.
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